(ROCKET AF) trial, the efficacy and safety of rivaroxaban, a novel, oral, direct factor Xa inhibitor, was assessed for the prevention of stroke in patients with atrial fibrillation (AF) and at moderate to high risk of stroke.
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not significantly different between the 2 study groups; however, intracranial hemorrhage and fatal bleeding occurred significantly less frequently in the rivaroxaban treatment group. There was no significant interaction in terms of the efficacy and safety of rivaroxaban versus warfarin with respect to race or region. 1 Demographic differences exist between Asian populations and other ethnic groups, which may affect the optimal dosing of novel anticoagulants, including rivaroxaban. For example, body weight and body mass index (BMI) values have been shown to be lower in Chinese versus white populations. 2 The proportion of strokes that are hemorrhagic has also been shown to be higher in Asians than in whites. 3, 4 Conversely, there is evidence to suggest that cardioembolic strokes make up a greater proportion of strokes in white versus Asian populations. 5 Data from 2 studies have also shown East Asian populations to be more sensitive to warfarin than Indian and white populations. 6, 7 Warfarin may also interact with several food and herbal supplements commonly used in Asia, thereby complicating its use. 8 There is a perception, and some supporting evidence, that the incidence of intracranial hemorrhage is increased in patients of Asian ethnicity (largely East Asian) who receive warfarin compared with other ethnic groups. 9, 10 As a result, anticoagulants are underprescribed 11, 12 or underdosed 13 in patients within this region because of the fear that the risk of bleeding offsets any benefits.
As a result of the differences in patient demographics, epidemiology, and stroke risk management in East Asia, outcomes and the relative effects of rivaroxaban versus warfarin were assessed as to whether they were consistent among East Asians and non-East Asians who participated in ROCKET AF, particularly because warfarin was targeted to an international normalized ratio (INR) range of 2.0 to 3.0.
Methods

Overview of the ROCKET AF Study
The ROCKET AF was a randomized, multicenter, double-blind, double-dummy, event-driven study that was performed at 1178 participating sites in 45 countries. 1 The trial was supported by Janssen Research and Development, LLC, and Bayer HealthCare Pharmaceuticals. The Duke Clinical Research Institute coordinated the trial, managed the database, and performed all primary analyses independently of the sponsors; the trial itself was conducted by a global consortium. 14 The protocol was approved by pertinent national regulatory authorities and ethics committees at participating centers.
The objective of ROCKET AF was to compare once-daily rivaroxaban with dose-adjusted warfarin for the prevention of stroke and systemic embolism in patients with nonvalvular AF and at moderate to high risk of stroke. Patients enrolled in ROCKET AF were randomly assigned to fixed-dose rivaroxaban (20 mg once daily or 15 mg once daily in patients with a CrCl of 30-49 mL/min) or adjusted-dose warfarin (target INR, 2.0-3.0). To maintain blinding, patients within each group were also given a matching placebo. The primary efficacy end point was the composite of stroke (ischemic or hemorrhagic) and non-central nervous system (CNS) systemic embolism. The principal safety outcome was the composite of major and nonmajor clinically relevant bleeding. Major bleeding was defined as clinically overt bleeding associated with any of the following: fatal bleeding, critical organ bleeding, hemoglobin drop ≥2 g/dL, or transfusions of ≥2 U of whole blood or packed red blood cells.
Analysis of the East Asian Cohort of ROCKET AF
A secondary analysis of results from randomized patients from 73 sites in 4 geographic areas in East Asia (China, Korea, Taiwan, and Hong Kong) who participated in the full ROCKET AF study was performed. Efficacy and safety results for patients of different ethnicities within a given geographic region are not available (eg, patients of Asian or white ethnicity resident in East Asia). Therefore, for the purposes of this secondary analysis, it was assumed that residence in East Asia is a surrogate for ethnicity. Patients enrolled in ROCKET AF in the East Asian region were randomized to the same study regimen as patients in other regions. The same efficacy end points and safety outcomes as defined in ROCKET AF (composite of stroke or systemic embolism, major and nonmajor clinically relevant bleeding, etc) in patients from the East Asian region were compared with patients from the remaining ROCKET AF population (ie, excluding those at the 73 sites in the 4 geographic areas). These 4 areas were considered to be most representative of the East Asian region as a whole, although it should be noted that no patients from Japan were enrolled in ROCKET AF. A separate trial of rivaroxaban versus warfarin in patients with nonvalvular AF, known as J-ROCKET AF, was conducted in Japan, in which a lower 15 mg once-daily dose was given based on pharmacokinetic modeling and in line with specific Japanese clinical practice patterns and guideline recommendations for reduced target INR levels.
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Patient Baseline Demographics
Baseline demographics were assessed for patients in the East Asian region and remaining ROCKET AF population. Demographics analyzed included age, weight, BMI, and CrCl; prior vitamin K antagonist (VKA) and acetylsalicylic acid (ASA) use; baseline congestive heart failure, diabetes mellitus, and hypertension; and prior stroke, transient ischemic attack (TIA), non-CNS systemic embolism, and myocardial infarction.
Statistical Analyses
The ITT population included all patients who were randomized in the study, whereas the safety population included all patients who received ≥1 dose of a study drug. On treatment was defined as the period from the date of the first double-blind study medication to the date of the last double-blind study medication administration plus 2 days. Site notification was defined as notification to the sites when the required number of primary efficacy end point events had been reached. In the current subanalysis, estimates and 2-sided 95% confidence intervals (CIs) for the hazard ratio (HR; rivaroxaban versus warfarin) for patients residing within and outside East Asia are shown in the ITT population until site notification for all efficacy end points and in the safety population while on treatment for all safety outcomes. HRs for patients residing within versus outside East Asia, irrespective of treatment assignment, have also been estimated for the primary efficacy end point and for the principal safety outcome.
Cox proportional hazards regression models were used with treatment, residence status (within or outside the East Asian region), and the treatment by residence status interaction as covariates to test for interaction between the differential effects of rivaroxaban and warfarin on stroke or non-CNS systemic embolism (primary efficacy end point) and major or nonmajor clinically relevant bleeding (principal safety outcome) among patients residing within and outside East Asia. The interaction of treatment group by residence status for predefined secondary efficacy end points and safety outcomes was also assessed. For selected significant interactions, HRs for patients residing within versus outside East Asia were also assessed within each treatment group. It should be noted that any significant P values should be considered nominal only because of the large number of comparisons that have been performed on the database. There is also limited power to detect significant differences because of the small East Asian sample size.
The linear interpolation method of Rosendaal et al 17 was used to calculate the overall time that INR values fell within the therapeutic range of 2.0 to 3.0 for the warfarin group. A comparative analysis of treatment efficacy according to quartiles of time that INR values fell within the therapeutic range at participating study centers in the East Asian region was also performed. For both East Asian and non-East Asian patient groups, center time in therapeutic range (cTTR) was calculated using the total number of INR values in target range from all subjects on warfarin within a center divided by the total number of INR values from all subjects on by guest on April 13, 2017 http://stroke.ahajournals.org/ Downloaded from warfarin within the same center. Centers were categorized into quartiles with approximately equal numbers of subjects in each. Analyses of cTTR were calculated for the safety population while on treatment. Figure I in the online-only Data Supplement. The median duration of treatment exposure in the East Asian subanalysis was 553 days, whereas the median follow-up period was 668 days. This compares with 593 and 708 days, respectively, in the remaining study population.
Results
Patient Recruitment
Patient Baseline Demographics
Baseline demographics by treatment arm for patients in the East Asian cohort of ROCKET AF and the ROCKET AF 
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June 2014 population excluding East Asia are shown in Table 1 . Baseline patient characteristics were similar between the 2 treatment arms in the East Asian cohort. Compared with patients residing outside the East Asian region, patients in the East Asian cohort were younger and had a lower body weight and BMI, and fewer patients had congestive heart failure, hypertension, or previous myocardial infarction at baseline. Mean baseline CrCl was also lower for patients in the ROCKET AF East Asian cohort versus patients outside this region. Conversely, levels of prior stroke/ TIA/non-CNS systemic embolism, as well as the percentage of VKA-naive patients, were higher in the ROCKET AF East Asian cohort than in the remaining study population. Mean baseline congestive heart failure, hypertension, age, diabetes, prior stroke/TIA (CHADS 2 ) scores were lower for patients in the East Asian cohort (3.2 in both the rivaroxaban and warfarin treatment arms) than for patients outside East Asia (3.5 in both treatment arms). A greater number of East Asian patients in ROCKET AF had a baseline CHADS 2 score of 2 (rivaroxaban, 24.2%; warfarin, 23.9%) compared with the non-East Asian population (rivaroxaban, 12.2%; warfarin, 12.3%). This is consistent with the observation of higher prevalence of prior stroke or TIA observed among East Asian patients, which would confer a CHADS 2 score of 2 in the absence of other risk factors. Conversely, fewer East Asian patients in ROCKET AF had a score ≥4 (rivaroxaban, 35.7%; warfarin, 31.9%) compared with the rest of the study population (rivaroxaban, 44.7%; warfarin, 43.3%).
Efficacy End Points
In the East Asian cohort, the observed annual event rates for the primary efficacy end point of stroke or systemic embolism were numerically higher (2.6% and 3.4% per year in the rivaroxaban and warfarin arms, respectively [HR=0.78; 95% CI, 0.44-1.39]) compared with corresponding annual rates in the remaining ROCKET AF population (2.1% and 2.4% per year [HR=0.89; 95% CI, 0.75-1.05]). However, no significant interaction between treatment and residential status was identified (P=0.666; Figure 1 and Table 2 ). The efficacy of Observed rates of the 2 prespecified composite secondary efficacy end points (stroke, non-CNS systemic embolism, and vascular death; and stroke, non-CNS systemic embolism, myocardial infarction, and vascular death) were numerically lower in the rivaroxaban treatment group than in the warfarin treatment group of the East Asian cohort (Figure 1 ). The observed rate of all-cause stroke was also lower in the rivaroxaban treatment group. Overall, 4 East Asian patients (0.5% per year) in the rivaroxaban arm had a hemorrhagic stroke compared with 10 patients (1.2% per year) in the warfarin arm (HR=0.40; 95% CI, 0.13-1.27). Observed rates of all-cause mortality were also nonsignificantly lower with rivaroxaban (2.6% per year) than with warfarin (3.6% per year [HR=0.73; 95% CI, 0.41-1.27]), although rates of myocardial infarction were the same in both treatment arms (1.0% per year in each treatment arm [HR=1.00; 95% CI, 0.38-2.66]).
When studying the 2 geographical areas, there was a strong trend toward increased rates of stroke or systemic embolism in the East Asian cohort versus the remaining study population irrespective of treatment assignment (HR=1.34; 95% CI, 1.00-1.80; P=0.053; Table 2 ). Observed annual rates of all-cause stroke, hemorrhagic stroke, ischemic stroke, nondisabling stroke, and disabling stroke were all higher in the ROCKET AF East Asian cohort than in the remaining study population (Figure 1 ). These differences may be more marked if adjusted for the lower baseline CHADS 2 score in East Asian patients. However, there was no significant interaction between treatment and residential status, indicating that the relative efficacy of rivaroxaban versus warfarin for these stroke outcomes was consistent between the 2 study populations. There was also no significant interaction identified for the other secondary efficacy end points (non-CNS systemic embolism; myocardial infarction; all-cause, vascular, and nonvascular death; Figure 1 ).
INR and cTTR Analyses
Among warfarin-treated patients in the ROCKET AF East Asian cohort, patient INR values were within the therapeutic range (2.0-3.0) for a mean of 47.1% of the time versus 55.7% for the ROCKET AF population excluding East Asia. INR values were between 1.5 and <2.0 for a total mean of 29.9% and 20.0% of the time for warfarin-treated patients in the ROCKET AF East Asian cohort and the ROCKET AF population excluding East Asia, respectively (Table 1) . Values presented as number of subjects with events/number of subjects in each cTTR quartile (%). Analysis based on the first event in the safety population during treatment: n=466 for the rivaroxaban arm and n=462 for the warfarin arm. 
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With regard to cTTR, no interaction with treatment effect was apparent when assessing rivaroxaban for the primary efficacy end point in the East Asian cohort (P=0.585 for interaction; Table 3 ).
Safety Outcomes
In the ROCKET AF East Asian cohort, the annual event rates for major or nonmajor clinically relevant bleeding (the principal safety outcome) were 20.9% and 20.7% per year in the rivaroxaban and warfarin arms, respectively (HR=1.01; 95% CI, 0.79-1.30; Table 4 ). This compares with 14.5% and 14.1%, respectively, per year in the ROCKET AF population excluding East Asia (HR=1.03; 95% CI, 0.96-1.11). However, no significant interaction between treatment and residence status was identified (P=0.867; Figure 2 and Table 4 ). With the exception of patients with prior ASA use (patients who had not received prior ASA and who were prescribed rivaroxaban had a lower rate of the principal safety outcome; conversely, patients who had received prior ASA and who were prescribed warfarin had a lower rate of the principal safety outcome), there were no 14) . §Bleeding events were considered to be critical if they occurred in intracranial, intraspinal, intraocular, pericardial, intra-articular, intramuscular (with compartment syndrome), or retroperitoneal sites. ║See Table I in the online-only Data Supplement.
by guest on April 13, 2017 http://stroke.ahajournals.org/ Downloaded from significant interactions between treatment group and any prespecified subgroup in the ROCKET AF East Asian cohort for the principal safety outcome, including patients with mild or moderate renal impairment (Figures III and IV in the onlineonly Data Supplement).
Rivaroxaban was also associated with reductions in critical organ bleeding and intracranial hemorrhage relative to warfarin in the East Asian cohort. Overall, there were 5 (0.7% per year) and 18 (2.6% per year) critical organ bleeding events in the rivaroxaban and warfarin treatment arms, respectively (HR=0.28; 95% CI, 0.10-0.75). Rates of intracranial hemorrhage with rivaroxaban versus warfarin were 4 (0.6% per year) and 17 (2.5% per year) events, respectively, in each treatment group (HR=0.24; 95% CI, 0.08-0.71). Furthermore, there was a significant interaction between treatment and residence within or outside East Asia for intracranial hemorrhage in ROCKET AF (interaction P=0.044; Figure 2 ). Among patients receiving rivaroxaban, there was no significant difference in the rate of intracranial hemorrhage for East Asians versus non-East Asians (HR=1.20; 95% CI, 0.43-3.31; P=0.73; Table I in the online-only Data Supplement). Conversely, among patients receiving warfarin, the rate of intracranial hemorrhage was significantly greater in East Asian patients than in non-East Asian patients (HR=3.89; 95% CI, 2.29-6.63; P<0.0001; Table I in the online-only Data Supplement).
Among East Asian patients, there were 20 events with hemoglobin drop ≥2 g/dL in each of the rivaroxaban (3.0% per year) and warfarin (2.9% per year) treatment groups. Rivaroxaban was associated with fewer transfusion events than warfarin, with 8 (1.2% per year) and 15 events (2.2% per year), respectively, in each group (HR=0.54; 95% CI, 0.23-1.28). There were also fewer fatal bleeding events observed with rivaroxaban (0.2% per year) than with warfarin (1.0% per year [HR=0.14; 95% CI, 0.02-1.16]).
The risk of major or nonmajor clinically relevant bleeding was significantly higher in the East Asian cohort than in the remaining study population, irrespective of treatment assignment (HR=1.42; 95% CI, 1.25-1.62; P<0.0001; Table 4 ). However, there was no significant difference in the risk of major bleeding between patients residing within versus outside East Asia, irrespective of treatment regimen (HR=1.23; 95% CI, 0.94-1.60; P=0.14; Figure 2 ). For most bleeding outcomes, the safety profile of rivaroxaban versus warfarin was consistent among ROCKET AF patients resident within and outside East Asia (Figure 2) .
Overall, there were 108 (23.2%) and 144 (31.2%) nonbleeding treatment-emergent serious adverse events in the rivaroxaban and warfarin treatment groups, respectively, in the ROCKET AF East Asian cohort (Table II in the online-only Data Supplement). The most common adverse event was cardiac failure, occurring in 9 (1.9%) patients in the rivaroxaban group and 16 (3.5%) patients in the warfarin group. Dyspnea was reported as a treatment-emergent nonserious adverse event by 28 patients in each of the rivaroxaban (6.0%) and warfarin (6.1%) treatment groups.
Discussion
In this regional analysis of ROCKET AF, we assessed the efficacy and safety of rivaroxaban versus warfarin among East Asian patients and compared results with those from ROCKET AF patients recruited outside East Asia. Although event rates were higher among East Asian patients, the relative efficacy and safety of rivaroxaban versus warfarin was similar to that of non-East Asian patients. The significant interaction between treatment group and prior ASA use in the ROCKET AF East Asian cohort for the principal safety outcome could be caused by the risk profile of the East Asian population. However, the observed interaction P value has not been corrected for multiple analyses and could also be a chance finding. Therefore, although patient numbers were relatively low in the East Asian cohort, these results support extrapolation of the full trial results to the East Asian patient population.
Analysis of the baseline demographics confirms much of what was previously known about the population of East Asia. The mean body weight and BMI of patients in the East Asian cohort were lower than those of the other patients in ROCKET AF; previous studies have also shown body weight and BMI to be lower in Asian than in white populations. 2, 6 This is an important finding when analyzing the efficacy and safety results for the ROCKET AF East Asian cohort and the remaining ROCKET AF population because it is consistent with previous observations showing that rivaroxaban can be used without dose adjustment for body weight. 18, 19 Patients in the ROCKET AF East Asian cohort had higher levels of prior stroke/TIA/non-CNS systemic embolism compared with the remaining study population, a finding supported by a recent publication that reported a higher burden of stroke relative to ischemic heart disease in East Asia. 20 Conversely, fewer patients in the East Asian cohort had other risk factors for stroke (hypertension, congestive heart failure, diabetes mellitus). There was also a higher number of VKA-naive patients in the ROCKET AF East Asian cohort, which is in line with other data from the region that suggest that warfarin is underused. 11 Irrespective of treatment assignment, patients in the East Asian cohort had significantly higher levels of major or nonmajor clinically relevant bleeding and there was a strong trend toward increased rates of stroke or systemic embolism versus the remaining ROCKET AF study population. One possible explanation is that patients in the East Asian cohort had higher levels of baseline prior stroke/TIA/nonsystemic embolism compared with the remaining study population; it has been shown that patients with AF and with prior stroke or TIA have higher absolute rates of stroke or systemic embolism than patients with AF without prior stroke or TIA. 21 However, the risk of major bleeding was not significantly higher in the East Asian cohort than in the remaining study population, irrespective of whether they received warfarin or rivaroxaban.
For the primary efficacy end point in the ROCKET AF East Asian cohort, no interaction between the treatment effect of rivaroxaban versus warfarin and cTTR quartiles was apparent ( Table 3 ), suggesting that the efficacy of rivaroxaban versus warfarin is not affected by the quality of warfarin management. However, care should be taken in interpreting these data because of the low numbers of patients in the East Asian cohort and the corresponding low number of efficacy events.
In analyzing the results for the secondary efficacy end points in the ROCKET AF East Asian cohort (Figure 1) , the observed reduction in hemorrhagic stroke with rivaroxaban versus warfarin is an important finding given the concern over the higher rates of hemorrhagic stroke and intracranial hemorrhage in Asian populations. Although statistical significance was not attained for the East Asian results, the results are consistent with the nominally significant results for patients outside East Asia and with the results of the overall trial. 1 There are several possible reasons why the uptake of VKAs is relatively low in East Asia, one in particular being the fear of intracranial hemorrhage. Rates of intracranial hemorrhage have been shown to be higher in Asians than in other ethnic groups receiving warfarin. 9, 10 As a result of the concern around bleeding risk in East Asia, patients in this region are underprescribed 11, 12 or underdosed 13 anticoagulants. Although there is limited evidence to support a lower INR range for warfarin in East Asian patients, a study in Chinese patients receiving warfarin therapy suggested that a target range of 1.8 to 2.4 may be preferable. 22 The Chinese Current Knowledge and Management Recommendations in AF 2010 guidelines recommend that warfarin should be administered on a long-term basis at a target INR of 1.6 to 2.5 in patients with nonmechanical valvular AF with high and intermediate risk factors for stroke. 13 However, Taiwanese and Korean stroke guidelines recommend an INR target of 2.0 to 3.0 when administering warfarin to patients with AF who are at risk of stroke. 23, 24 These latter guidelines are in line with internationally used AF guidelines such as those produced by the European Society of Cardiology and the American College of Chest Physicians. 25, 26 In this secondary analysis, there was a significant increase in intracranial hemorrhage in East Asian patients receiving warfarin versus non-East Asian patients. In contrast, there was no significant difference in the rate of intracranial hemorrhage in East Asian versus non-East Asian patients receiving rivaroxaban, and this has important safety implications for the use of rivaroxaban in this region. One possible reason for the increased risk of intracranial hemorrhage in East Asian patients receiving warfarin could be the greater number of patients in this group who were VKA naive compared with the remaining study population-the risk of major hemorrhage is known to be higher in VKA-naive patients when they first start taking VKAs. 27 In addition, warfarin has been shown to interact with some herbal products that are commonly used in the Asia-Pacific region. The risk of bleeding is increased when warfarin is combined with some of these products, including ginkgo and garlic. 8 However, it is unknown whether this was a contributory factor in this secondary analysis. As well as the increased risk of intracranial hemorrhage in East Asian patients receiving warfarin, the reduction in intracranial hemorrhage with rivaroxaban compared with warfarin in this cohort is also a significant finding, especially considering the relatively low number of patients (n=932) included in this analysis.
As well as the reduction in intracranial hemorrhage, rates of critical organ bleeding were also lower with rivaroxaban in the ROCKET AF East Asian cohort. It should be noted that there was no apparent increase in major bleeding events for rivaroxaban versus warfarin because of hemoglobin drops or transfusions in the ROCKET AF East Asian cohort, in contrast to the ROCKET AF population outside this region. Observed rates of fatal bleeding were also lower with rivaroxaban versus warfarin in the East Asian patient population. These are important findings because patients in the Asian region are prone to have more bleeding events (Table 4) . 9, 10 Broadly comparable results were observed in a recent analysis of Asian patients with AF enrolled in the Randomized Evaluation of Long-term Anticoagulation Therapy (RE-LY) trial of dabigatran versus warfarin, 28 in that Asian patients experienced somewhat greater rates of stroke or systemic embolism than non-Asians, irrespective of treatment group. However, in contrast to this study, rates of intracranial hemorrhage in Asian patients receiving warfarin were only slightly greater than in non-Asian patients and there was no significant interaction between ethnic group (Asian versus non-Asian) and the treatment effect of dabigatran versus warfarin. In the recently published Effective Anticoagulation With Factor Xa Next Generation in Atrial Fibrillation (ENGAGE AF) study, the data from patients in the Asia region were consistent with the overall trial results, that is, edoxaban was noninferior to warfarin with respect to the prevention of stroke or systemic embolism and was associated with significantly lower rates of bleeding.
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Study Limitations
When analyzing the results from this secondary analysis, it should be noted that the number of patients in the East Asian cohort was relatively low, which limits the power of the various outcomes and can make extrapolation of the results difficult. Other limitations of this analysis are that it involved a subgroup from the main ROCKET AF study and that not all countries in the East Asian region were represented. Although it was assumed that residence in East Asia was a surrogate for ethnicity for the purposes of this analysis, data generated are for the population of the geographic area as a whole.
Conclusions
Several demographic and epidemiological differences exist for the ROCKET AF East Asian cohort compared with participants in ROCKET AF outside this region. Despite these differences, efficacy and safety results were broadly consistent for patients in ROCKET AF who resided within and outside the East Asian region. Furthermore, intracranial hemorrhage and critical organ bleeding were considerably reduced with rivaroxaban compared with warfarin in the East Asian cohort. Thus, this analysis supports the use of rivaroxaban at 20 mg once daily (15 mg once daily for CrCl of 30-49 mL/min) for the prevention of stroke and systemic embolism as an alternative to warfarin in adult patients with nonvalvular AF in the East Asian region. Based on safety population. *Most frequent based on the rivaroxaban treatment group. † Events that started on or after the first dose of study medication and up to 2 days after the last dose of study medication. ‡ Prespecified laboratory abnormalities not included in the list of the 15 most frequent nonhemorrhagic treatment-emergent serious adverse events. ALT, alanine aminotransferase; TBL, total bilirubin; ULN, upper limit of normal.
